Influence of duration of cholesterol feeding on esterification of fatty acids and hydrolysis of cholesteryl esters was studied in cell-free preparations of aorta from White Cameau pigeons. Esterification of fatty acids required ATP and CoA; greater than 80* of the esterifying activity was located in the particulate fraction obtained by centrifugation at 105,000 X g (after a preliminary centrifugarion at 1000 X g). Fatty acids were incorporated most efficiently into phospholipid, primarily (82%) lecithin. Greater than 87% of the fatty acid was esterified at the 2-position. During 8 months of cholesterol feeding, incorporation of oleic acid into phospholipids and triglycerides increased relatively little (less than double that of controls); no changes were seen before 1 month. Esterification of oleic acid to cholesterol was increased after 2 weeks of cholesterol feeding (before gross lesions were seen), eventually reaching a maximum increase of 30-to 50-fold. Cholesterol was esterified by transfer of fatty acyl-CoA to cholesterol, a mechanism similar to that described for liver and adrenal cortex. Little if any cholesterol esterification occurred when lecithin labeled at the 2-position with oleic acid-l-14 C was used as substrate. The relationship between duration of cholesterol feeding and hydrolysis of cholesteryl oleate could not be evaluated since results depend directly on an unknown extent of equilibration of substrate with pre-existing cholesteryl ester pools.
lipids and by lipid synthesis within the artery (1, 2) . This diverse origin of the accumulated lipid is reflected most clearly by differences between fatty acid composition of the cholesteryl esters of the atherosclerotic artery and those of the serum (2, 3).
We and others have demonstrated an increased rate of fatty acid synthesis by atherosclerotic arteries and the esterification of these fatty acids to phospholipids, triglycerides, and cholesteryl esters (4-7). In normal arteries, newly synthesized fatty acids are esterified mainly to phospholipid and triglyceride; in atherosclerotic vessels most are esterified with cholesterol (1, 4, 5) . One-third to one-half of these accumulated cholesteryl Circalf titneb, Vol. XXVII. Autost19 214 ST. CLAIR, LOFLAND, CLARKSON esters could have been locally synthesized (1, 5, 8) . These studies suggest that cholesteryl ester accumulation in the atherosclerotic artery is at least partly a result of increased cholesterol esterification by the artery itself. Other evidence suggests that decreased hydrolysis of cholesteryl esters, particularly cholesteryl oleate, may also account, in part, for their accumulation (9) .
From previous studies of relatively severely diseased arteries it has not been possible to determine whether the changes in cholesterol esterification and cholesteryl ester hydrolysis occur early in the course of the development of atherosclerosis or only in advanced lesions. The results of experiments with aortas from squirrel monkeys, however, suggested that cholesterol esterification is stimulated relatively early as atherosclerosis develops (10).
In the present work, the rate of esterification of fatty acids to phospholipid, triglyceride, and cholesteryl ester and the rate of hydrolysis of cholesteryl esters were studied in cell-free preparations of aorta from pigeons fed a cholesterol-containing diet for as long as 8 months. The experiments were undertaken to determine the changes in fatty acid esterification and cholesteryl ester hydrolysis as a function of the duration of cholesterol feeding, and to obtain basic information on the biochemical mechanism of cholesterol esterification by arterial tissue.
Materials and Methods
White Cameau pigeons of both sexes, 2-to 4months old, were obtained from our stock colony. They were fed for as long as 8 months a diet of Purina Pigeon Pellets (Ralston-Purina, St. Louis, Mo.) coated with cholesterol and lard to a final concentration of 0.5 g of cholesterol and 10 g of lard/100 g ration. The cholesterol was dissolved in the melted lard before mixing it with the pellets. Control birds received untreated pellets.
Tissue Preparation.-Birds were decapitated and their aortas rapidly removed, cleaned of blood and periadventitial tissue, and graded for degree of atherosclerosis (11). Aortas were minced and then homogenized in cold 0.1M potassium phosphate bufFer (pH 7.5) by all-glass Potter-Elvehjem homogenizers; approximately 1 ml of bufFer was used per 100 to 150 mg of tissue. The homogenate was centrifuged at 1000 X g for 30 minutes to remove cellular debris and most of the connective tissue. This 1000 X g supernatant fluid was the source of enzyme used in these studies.
The fatty acid esterifying activity was partially localized by the following technique. The 1000 X g supernatant fluid was centrifuged at 105,000 X g for 1 hour and the esterifying ability of the supernatant fraction and the pellet assayed as described below. Because it is difficult to obtain pure fractions of subcellular components from aortic tissue (7), we did not attempt to separate the pellet into mitochondria and microsomes.
Incubation Procedure.-Incubations were done in 25-ml Erlenmeyer flasks with constant shaking for 1 hour at 39°C. Air was the gas phase. In most cases the final incubated volume was 3.0 ml, which contained 2 ml of the 1000 X g supernatant fluid (6 to 9 mg protein), 1.5 /zmoles of coenzyme A (CoA), 15 ^tmoles of adenosine triphosphate (ATP), 12 ^unoles of magnesium chloride, and 15 ju,moles of sodium fluoride. ATP and CoA were purchased from Sigma, St. Louis, Mo.
Radioactive fatty acids and sterols were added in 50 ^liters of acetone. Phospholipids were added in 50 yxliters of ethanol or were suspended in the buffer by sonication. Both procedures gave similar results. Oleic acid-l-14 C and linoleic acid-1-14 C were obtained from Amersham/Searle, Des Plaines, 111., palmitic acid-l-u C from Calbiochem, Los Angeles, Calif., and stearic acid-l-14 C, cholesterol-l,2-s H, and cholesteryl-7a * H-oleate from New England Nuclear Corp., Boston, Mass. Purity of the isotopes was verified by thin-layer chromatography before use.
Isolation of Lipids from Incubation Mixture.-After incubation the reaction was stopped by adding 17 ml of methanol. For most experiments cholesterol-7a 8 H-oleate was added to each flask as an internal standard. Cholesterol-4-14 C was used as internal standard when hydrolysis of cholesterol-7o s H-oleate was studied. The internal standards were used to correct for losses incurred in subsequent procedures. Recovery of internal standards averaged 70 to 80%. Losses of phospholipids and triglycerides were assumed to be similar to those of free and esterified cholesterol. Contents of the incubation flask were transferred to 40-ml glass-stoppered centrifuge tubes and about 25 ml of chloroform was added. The tubes were allowed to stand overnight and the lipids were extracted by the method of Folch (12). The lipid extract was evaporated at 40°C under a stream of nitrogen, the residue taken up in a small amount of chloroform and methanol (2:1), and lipids separated by thin-layer chromatography. in Skellysolve B-diethyl ether-glacial acetic acid (146:50:4). Lipid-containing areas on thin-layer Ci,cnlaliM RtiCArcb, Vol. XXVII, August 1970 ESTERIFICATION OF FATTY ACIDS 215 chromatography plates were made visible under ultraviolet light by spraying with 0.05% Rhodamine 6G in 95% ethanol. Areas containing cholesteryl esters, triglycerides, free fatty acids, and cholesterol were eluted with chloroform; phospholipids were eluted with methanol and chloroform (4:1). Radioactivity was determined in aliquots from each fraction with a Beckman DPM-100 Liquid Scintillation Counter. Samples were dissolved in 10 ml of a solution of toluene containing 6 mg of 2,5-diphenyloxazole/liter, and counted until the 2-sigma counting error was less than 2%. Because of the internal standards, it was necessary to determine both J4 C-and 8 Hradioactivity and apply the appropriate doubleisotope equation. Quenching was monitored by external standardization.
Controls consisted of the enzyme preparation that had been boiled for 10 minutes before incubation or of the incubation mixture in which the reaction was stopped with methanol immediately after the enzyme was added. Controls were extracted and lipids separated by thin-layer chromatography as described above. Relatively small amounts of radioactivity (500 to 1000 dpm) were always found in the various lipid fractions from the controls but were similar in amount to those found when the radioactive substrates alone were chromatographed. Consequently, when results were calculated, control values were subtracted and the data were corrected for recovery of the internal standard.
In some experiments, individual phospholipids were separated by thin-layer chromatography, with chloroform-methanol-water (140:50:8), then eluted with methanol and chloroform (4:1) and radioactivity determined.
Determination of Positional Specificity for Esterifwation of Oleic Acid-l-u C to Lectthin-Lecithin, isolated from the previously described incubations, was hydrolyzed with snake venom (Crotalus adamanteus) (Sigma, St. Louis, Mo.) by a modification of the method of Robertson and Lands (13) . Lecithin was placed in a 25-ml Erlenmeyer flask and dissolved in 1 ml of diethyl ether. To this was added 1 ml (1 mg) r{ snake venom prepared in 0.05M Tris buffer (pH 7.4) containing 10 /xmoles/ml CaCl2. The flasks were tightly stoppered and incubated for 2 hours at 37°C with vigorous shaking. Contents were transferred to 40-ml centrifuge tubes with four washes of methanol and chloroform (4:1), taken to dryness at 40°C under a stream of nitrogen, and phosDholipids separated by thin-layer chromatography as described above. The lysolecithin, lecithin, and free fatty acid fractions were isolated and radioactivity was determined. With this technique, greater than 98% of the lecithin was hydrolyzed.
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Analytical Determinations.-Cholesterol, cholesteryl ester, and free fatty acid content were determined in the whole homogenate (before centrifugation at 1000 X g) and in the 1000 X g supernatant fluid. Lipids were extracted with chloroform and methanol (2:1) and free and esterified cholesterol and free fatty acids were separated by thin-layer chromatography as described above. Cholesterol was determined by an automated procedure (14) and results were corrected for recovery of cholesterol-l,2-3 H and cholesterol-To^H-oleate internal standards. Free fatty acids were determined by gas-liquid chromatography as described previously (5) with the exception that separations were done isothermally at 165°C rather than temperature-programmed as before. The results were measured with an Infotronics, CRS-108 digital integrator (Infotronics Corp., Houston, Tex.) and were corrected for recovery of internal standard (either oleic acid-l-1 4C or heptadecanoic acid). Protein was determined on the 1000 X g supernatant fluid by the method of Lowry et al. (15) , with crystalline bovine albumin as a standard. Phospholipid concentration was calculated from its phosphorus content as determined by the method of Fiske and Subbarow (16) . Figure 1 shows the changes in cholesterol, and cholesteryl ester content and in the extent of atherosclerosis, atherosclerosis index, of aortas used in this study.
Results

EFFECT OF DURATION OF CHOLESTEROL FEEDING ON ATHEROSCLEROSIS AND CHOLESTEROL CONTENT OF AORTAS
In nondiseased aortas the total cholesterol content averaged 1.79 mg/g wet weight of which 11% was esterified. The free cholesterol content remained constant for up to 1 month after feeding was begun, at which time it began to increase and progressively increased to approximately 10 times that of control.
An increase in cholesteryl ester content was detected 2 weeks after cholesterol feeding was begun and rose progressively to greater than 70 times that of controls. Because it was necessary to pool aortas for metabolic studies, we could not determine whether the changes in cholesteryl ester and free cholesterol content after only 2 weeks and 1 month of cholesterol feeding were statistically significant.
The largest relative increase in the cholesteryl ester fraction occurred between the first
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FIGURE 1
Effect of duration of cholesterol feeding on degree of atherosclerosis (atherosclerosis index), and on concentration of free and esterified cholesterol. Restdts are the average of four determinations on homogenates from 40 pigeon aortas for the baseline period, 10 for the 2-week period, and 20 for all other points. and second months, when the percent of esterified cholesterol rose from 1956 and 45%. The atherosclerosis index paralleled closely the changes in cholesterol content. The first grossly visible lesions were seen at 1 month after cholesterol feeding was begun.
Aortas from birds that had been fed cholesterol for 4 months had exceptionally severe atherosclerosis compared with those examined after 3 or 5 months. The amount of disease seen at 4 months is not typical of our experience with pigeons fed cholesterol for this length of time, but evidently resulted from the fortuitous selection of a group of birds with unusual susceptibility to the induced disease.
PROPERTIES OF THE FATTY ACID ESTERIFYING SYSTEM
The optimum pH for incorporation of oleic acid-l-14 C into phospholipid, triglyceride, and cholesteryl ester was between 7.4 and 7.8.
The cofactor requirement for esterification of oleic acid-l-1 4C is shown in Table 1 . There was an absolute requirement for both ATP and CoA. The addition of NaF, as an inhibitor of ATPase activity, resulted in slightly greater incorporation into phospholipid and cholesteryl ester but had no influence on incorporation into triglyceride. Mg 2+ was necessary for maximum incorporation into phospholipid and triglyceride but had only minimal influence on incorporation into cholesteryl ester. Although not shown in Table 1 , the hydrolysis of cholesteryl-7a a H-oleate was not influenced by ATP or CoA.
About 80* of the esterifying activity of the 1000 X g supernatant fluid was located in the particulate fraction (105,000 xg pellet), as is shown in Table 2 .
The esterification of different fatty acids is shown in Results are the averages of three experiments. *The complete incubation mixture was made up to a total volume of 3 ml with the 1000 X g supernatant fluid in 0.1M potassium phosphate buffer (pH 7.5) containing 15 jimoles of ATP, 1.5 /imoles of CoA, 15 /imoles of NaF, and 12 /imoles of MgCli. 2.2 X 104 dpm of oleic acid-l-u C (S.A. = 127,160 dpm/nmole) was added to each flask as substrate.
palmitic acid was esterified most readily, followed by stearic, oleic, and linoleic acids. In contrast, oleic and stearic acids were the fatty acids most efficiently incorporated into cholesteryl ester.
INFLUENCE OF DURATION OF CHOLfSTEROL FEEDING ON THE ESTERIFICATION OF OLEIC ACID-1-"C
To study the influence of developing atherosclerosis on fatty acid esterification, 140 White Carneau pigeons were given the diet containing cholesterol for as long as 8 months. At monthly intervals, 20 pigeons were killed. Aortas were removed, graded for atherosclerosis, and alternately placed into two pools of 10 aortas each. The aortas were homogenized and the cholesterol content of each pool of aortas was determined on a portion of the whole homogenate. The 1000 X g supernatant assume at least some equilibration of added precursor fatty acids with endogenous fatty acids. The extent of this equilibration, however, is unknown; for this reason, calculations have been presented assuming either no equilibration or complete equilibration. All fatty acids studied were most efficiently esterified to phospholipid. In the phospholipid fraction, palmitic and stearic acids were readily esterified, followed by oleic and linoleic acids; and in the triglyceride fraction, Results are the averages of two experiments with aortas from pigeons fed a cholesterol-containing diet for 6 months. The incubation mixture is described in the footnote to Results are the average of duplicate determinations using a pool of 20 aortas from pigeons fed a cholesterol-containing diet for 2 months. The incubation mixture is described in the footnote to Table 1 .
*The specific activity of the added fatty acids was: palmitate-l-1 4C, 44,000 dpm/nmole; stearate-l-14 C, 10,795 dpm/nmole; oleate-l-"C, 127,160 dpm/ nmole; linoleate-1-H C, 116,380 dpm/nmole. tpmole esterification • mg protein-1 • hour-1 . $The concentration of individual fatty acids of the endogenous free fatty acid pool was determined by gas-liquid chromatography of an aliquot of the 1000 X g supernatant fluid. This concentration was used in the calculation of the actual specific activity of each fatty acid assuming complete mixing of the added radioactive fatty acid with that particular pre-existing fatty acid.
Incorporation
of Oleic Acid- 'Areas from thin-layer plates were eluted with the guidance of authentic standards of lysolecithin, lecithin, phosphatidylethanolamine, and oleic acid chromatographed on the same plate. The chromatography standards were obtained from Sigma, St. Louis, Mo. fPercent distribution is the mean from four experiments in which pooled samples of phospholipid from incubation of oleic acid-l-14C with the 1000 X g supernatant fluid from cholesterol-fed pigeons were used. Values in parentheses are the ranges of these four experiments. Chromatography was carried out on at least 50,000 dpm of the pooled phospholipid, and 90 to 100% of this radioactivity was recovered in the areas shown. fluid was prepared, and incorporation of oleic acid-l-I 4C into phospholipid, triglyceride, and cholesteryl ester was measured. Results are shown in Figure 2 .
Data from these experiments are presented as dpm oleic acid-l-lJ *C incorporated per mg protein per hour. A correction for equilibration with endogenous pools of oleic acid was not made, since the oleic acid content of the 1000 X g supernatant fluid from normal and atherosclerotic aortas was found not to differ significantly. Values represent the average and range of four determinations (duplicates of each pool). Because of the large number of birds required for each experiment, tissue from control birds was not run simultaneously with that from experimental birds. Controls were, however, run at several intervals throughout the experimental period, with the range of values shown in Figure 2 .
Because, as mentioned previously, the severity of atherosclerosis at 4 months was considerably different than expected, we have separated these results from the other points by a dotted line. These results could represent an exceptionally active phase in the metabolism of the artery or could simply reflect the greater disease seen in these aortas as a result of the fortuitous selection of a group of birds unusually susceptible to the induced disease ( Fig. l) .
Incorporation of oleic acid-l-14 C into phospholipid is shown in Figure 2A . Incorporation into phospholipid declined during the first 3 months of cholesterol feeding, then increased sharply to a maximum at 5 months. A second reduction in esterification was seen at 8 months when measurements were made; by this time incorporation was nearly back to the control level.
The distribution of oleic acid-l-1 4C in individual phosph'olipids is shown in Table 4 . More than 82% of the oleic acid incorporated into phospholipid was found in lecithin; 87.335 of the radioactivity was located at the 2position as determined by treating the lecithin with snake venom.
Incorporation of oleic acid-l-14 C into triglyceride is shown in Figure 2B . As with phospholipid, there was a gradually decreasing incorporation into triglyceride during the first months, with a moderate increase seen in severly diseased aortas (4 and 8 months).
The most dramatic change in esterification of oleic acid with duration of cholesterol feeding was in the incorporation into cholesteryl ester, as shown in Figure 2C . Values for cholesterol esterification in aortas from pigeons that were not fed cholesterol were invariably quite low (500 to 1000 dpm • mg protein" 1 • hour-1 ) as compared with phospholipid and triglyceride. In cholesterol-fed birds, as cholesterol feeding was prolonged, there was a rapid increase in the esterification of oleic acid to cholesterol until in severely diseased aortas (4 and 8 months) a 30-to 50 fold increase was seen. This compares with a maximum increase in incorporation into phospholipid and triglyceride of double that of controls. Effect of duration of cholesterol feeding on the incorporation of oleic acid-l-'^C into phospholipid, triglyceride, and cholesteryl ester by cell-free preparation of pigeon aorta. Each point represents the mean of four determinations and the range of these values. The incubation mixture was the same as that described in Table 1 . The resxdts at 4 months are separated hy a dotted line to indicate that aortas from these birds were usually severely diseased and probably are not typical for that time period (see Fig. 1 ).
To determine if increases in esterification of
fatty acids occurred before 1 month of cholesterol feeding, 20 White Cameau pigeons were placed on the cholesterol-containing diet and 20 on the control diet. Ten birds from each group were killed after 2 and 4 weeks on Influence of short-term cholesterol feeding on incorporation of oleic add-l-i!iC into phospholipid, triglyceride, and cholesterol ester by cell-free preparation of pigeon aorta. Results are the mean mid range of four determinations. The incubation mixture was the same at that described in Table 1 . Values are presented as percent of controls, which were birds matched for age and fed a diet containing no added cholesterol.
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Influence of duration of cholesterol feeding on hydrolysis of cholesteryl-7 a 'H -oleate by cellfree preparation of pigeon aorta. Each 3 ml of incubation mixture contained the 1000 X g supernatant fluid in 0.1M potassium phosphate buffer (pH 7.5 
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however, was 1703! of control after only 2 weeks of cholesterol feeding and had increased to 700% of control when the next measurement was made 2 weeks later.
EFFECT OF DURATION OF CHOLESTEROL FEEDING ON HYDROLYSIS OF CHOLEJTEROL-7a'H-OLEATE
Hydrolysis of cholesterol^a^H-oleate by the 1000 X g supernatant fluid as a function of duration of cholesterol feeding is shown in Figure 4 . Results are calculated assuming both complete and no equilibration of precursor cholesterol-7a 8 H-oleate with endogenous cholesteryl ester pools. If one assumes no equilibration, there was a marked fall in the hydrolysis of cholesterol-7a 8 H-oleate with duration of cholesterol feeding. On the other hand, assuming complete equilibration, there was an initial increase in hydrolysis followed by a fall to a level in severely diseased arteries approaching that of controls.
USE OF OTHER PRECURSORS FOR ESTERIFICATION
As shown in Table 3 , incorporation of fatty acids into phospholipids was greater than incorporation into either triglycerides or cholesteryl ester. Since most of this fatty acid was esterified to the 2-position of lecithin, it was possible that cholesterol was being esterified by means of lecithin-cholesterol-fatty acyl transferase, as described by Glomset et al. (17) for serum, and more recently by Abdulla et al. (18) for arterial tissue. This conjecture was further supported by the observation that if the cell-free preparation was incubated in the presence of snake venom, a reduction in cholesterol esterification resulted. This of course does not prove that lecithin-cholesterolfatty acyl transferase is the functioning enzyme here, since we observed a similar reduction in cholesterol esterification in cellfree preparations of rat liver, a tissue known to esterify cholesterol primarily through transfer of fatty acyl-CoA to cholesterol (19) , and to contain little lecithin-cholesterol-fatty acyl transferase activity (20) .
In several experiments, we attempted directly to demonstrate lecithin-cholesterol-fatty acyl transferase activity in the 1000 X g supernatant fluid by using as substrate lecithin recovered from previous incubations and Rtietrcb, Vol. XXVll, August 1970 Incorporation of Oleic Acid- 1-"C and S-(l-u *dpm • rag protein 1 • hour '. fThe 1000 X g supernatant fluid was prepared from a pool of aortas from 15 control pigeons and from 15 pigeons that had been fed a cholesterol-containing diet for 5 months. Results are the mean of duplicate determinations. 95,000 dpm of the 2-(l-"C-oleoyl) lecithin substrate (0.5 jic/pmole) was added where indicated.
JThe incubation mixture is described in the footnote to Table 1 . §Each 3 ml of incubation mixture contained the 1000 X g supernatant fluid in 0.1M potassium phosphate buffer (pH 7.5).
||0.2 ml of the 1000 X g supernatant fluid was added to 5 ml disopropyl ether which contained 1 jimole cholesterol as described by Abdulla et al. (17) .
IThe 1000 X g supernatant fluid was prepared from a pool of aortas from 12 pigeons that had been fed a cholesterol-containing diet for 4 months. Results are the mean of quadruplicate determinations. Incubation mixtures contained 29,000 dpm of 2-(l-"C-oleoyl) lecithin substrate (0.5 Mc/jimole). **The 1000 X g supernatant fluid was prepared from a pool of aortas from 10 control pigeons and 10 that had been fed a cholesterol-containing diet for 6 months. Results are the mean of duplicate determinations. 456,800 dpm of the 2-(l-l *C-oleoyl) lecithin substrate (0.5 ttc/timole) was added where indicated. labeled predominantly (87%) in the 2-position with oleic acid-l-14 C. Results are shown in Table 5 . In experiments labeled A and C the enzyme preparation was incubated with 2-(l-14 C-oleoyl) lecithin and oleic acid-l-14 C, to evaluate the relative efficiency of fatty acid and phospholipid precursors for cholesterol esterification. It is obvious that the fatty acid was the preferred precursor and that only small amounts, if any, of the lecithin fatty acid was incorporated into cholesteryl ester. EDTA and glutathione had no effect. We were also unable to show any incorporation of 2-( l-14 Coleoyl) lecithin into cholesteryl esters with the incubation system described by Abdulla et al. (18) (Table 5 , experiments A3 and C5).
In a series of experiments, we studied the esterification of cholesterol-l,2-3 H and cholesterol-4-14 C with pre-existing oleic acid or with added oleic acid. In no case could we demonstrate significant esterification of added radioactive cholesterol, but in the same incubation system oleic acid-l-14 C was rapidly esterified to pre-existing cholesterol. We failed to demonstrate esterification of added cholesterol even when sufficient cholesterol-l,2-8 H was added to label adequately the entire endogenous pool of cholesterol (assuming complete equilibration with endogenous pools).
Discussion
Results from this study confirm earlier reports of esterification of fatty acids by arterial tissue (21) (22) (23) . The present study, and others (4, 23) have shown that fatty acids are most readily esterified to phospholipid, but that as arteries become diseased there is a marked shift toward increased esterification of cholesterol. The increased esterification of cholesterol by atherosclerotic arteries can also be seen with fatty acids synthesized de novo from acetate (4, 5).
Incorporation of oleic acid into phospholipid was seen to decrease for the first 3 months of cholesterol feeding, then to increase above control levels in the more severely diseased arteries from pigeons fed cholesterol for longer than 3 months. The initial drop in incorporation into phospholipid did not occur until after at least 1 month of cholesterol feeding, and even then was not observed in all experiments. . These results differ somewhat from those reported by Parker et al. (24) , who found increased rates of linoleic acid-l-1 4C incorporation into phospholipid by cell-free preparations of rabbit aorta from animals fed cholesterol for 1 month. Incorporation remained at that increased level for the duration of the experiment (16 weeks) . As with the present study, Parker et al. found no change in incorporation of fatty acids into phospholipid after only 2 weeks of cholesterol feeding.
Portman and Alexander have recently shown that fatty acyl-CoA: lysophosphatide fatty acyl transferase is the predominant enzyme for synthesizing phospholipid in cellfree preparations of squirrel monkey aorta (25) . Our results are compatible with this conclusion, since lecithin was the major phospholipid formed and over 87$ of the oleic acid was esterified to the 2-position.
In most experiments, less oleic acid was incorporated into triglycerides by cell-free preparations from atherosclerotic than from normal arteries. For severely diseased aortas, however, slight increases in incorporation into triglycerides were sometimes seen.
Although Florentin and co-workers (26) have reported increased mitotic activity in aortas from swine after only 3 days of cholesterol feeding, our demonstration of increased esterification of oleic acid to cholesterol after 2 weeks of cholesterol feeding is, to our knowledge, the earliest occurring alteration in lipid metabolism of the arterial wall that has been reported. This increase was specific for esterification to cholesterol, since oleic acid incorporation into phospholipid and triglyceride was not altered after 2 weeks of cholesterol feeding.
From these studies it is not possible to know the role of the enhanced cholesterol esterification in the accumulation of lipids by the arterial wall. On the other hand, Dayton and Hashimoto (1) have reported that about onehalf of the cholesteryl ester fatty acids of the atherosclerotic rabbit aorta are derived from synthesis within the atheroma. Our studies indicate that even before any gross lesion can be seen, substantial biochemical changes have already taken place in arteries from pigeons fed cholesterol for short periods of time. These metabolic changes may. represent the very early stages in the transformation of normal cellular components of the arterial wall (perhaps primarily arterial smooth-muscle cells) into abnormal lipid-laden cells (27) . Furthermore, the preference for esterification of oleic acid to cholesterol by this system correlates well with the known predominance of cholesteryl oleate in atherosclerotic arteries, particularly within fat-filled cells of the atheroma (2).
Cholesteryl esters could accumulate in arterial tissue as a result of a decreased rate of cholesteryl ester hydrolysLs by the artery. Some workers have reported decreased cholesteryl ester hydrolysis in atherosclerotic arteries (9), while others have reported no change (28) . The data in Figure 4 show that conclusions from such studies depend directly on how completely the added cholesteryl ester substrate equilibrates with endogenous pools of cholesteryl ester. Since this is not known, we could not evaluate the effect of atherosclerosis on cholesteryl ester hydrolysis.
The failure to demonstrate esterification of added cholesterol appears to be peculiar to arterial tissue since liver homogenates, identically prepared, esterified cholesterol-l,2-s H quite readily. Newman and co-workers (29) have suggested that the failure of arterial tissue to esterify added cholesterol, while preexisting cholesterol is readily esterified, may be because cholesterol does not penetrate into esterifying sites. On the other hand, it may be necessary for cholesterol to become bound to specific tissue protein, or perhaps even incorporated into membranes, before it can be acted upon by the esterifying enzymes. Recently, however, Felt and Benes (30) , in a preliminary communication, have reported esterification of added cholesterol-4-1 4C by minces of rat aorta.
The mechanism of cholesterol esterification Orctdalion K,,,.,lh Vol. XXVII, AUGML 1970 by arterial tissue remains to be clearly shown. The present study, however, strongly suggests a mechanism similar to that described for the liver involving fatty acyl-CoA-cholesterol acyl transferase (19) .
Recently Abdulla et al. (18) reported that lecithin-cholesterol-fatty acyl transferase is present in aortas from man and rabbits, but we could demonstrate only small amounts of this transferase enzyme with our incubation system and none at all with the system described by Abdulla et al. (18) .
Further evidence to suggest that the lecithincholesterol-fatty acyl transferase system is not primarily responsible for the increased cholesterol esterification seen in these studies is the demonstrated localization of over 80* of the esterifying activity in the particulate fraction. Lecithin-cholesterol-fatty acyl transferase, which is in low concentrations in most tissues (20) , is located almost exclusively in the supernatant fraction (31) . The ATP-and CoA-dependent fatty acyl-CoA-cholesterol acyl transferase, on the other hand, is located in the particulate fraction (19) . A report by Felt and Benes (30) , demonstrating ATP and CoA requirements for esterification of choles-terol^-1^ by rat aortas, tends to substantiate the predominance of die particulate system.
We have no explanation for our failure to confirm the presence of the lecithin-cholesterolfatty acyl transferase system in pigeon aorta. Eisenberg et al. (32) , using homogenates from human and rat aorta, were also unable to demonstrate esterification of cholesterol from lecithin labeled in the 2-position with "H-oleic acid. Perhaps species differences are involved, or the use in our studies of lecithin labeled with oleic acid-l-u C rather than with linoleic acid-l-1 4C as in the studies by Abdulla et al. (18) . Nevertheless, it is apparent that the cholesterol esterifying mechanism that is stimulated in die atherosclerotic pigeon aorta is the fatty acyl-CoA-cholesterol acyl transferase system.
